Introduction {#Sec1}
============

Nasopharyngeal carcinoma (NPC) is a unique type of head and neck cancer with the cute incidence of 15--50 cases per 100,000 individuals annually in endemic regions, such as southern China, Singapore, and Malaysia^[@CR1]^. In some endemic areas, the incidence and mortality rates for NPC have reduced due to lifestyle changes^[@CR2],[@CR3]^. Nevertheless, NPC is still one of the leading causes of cancer death, with a global mortality rate of about 50,000 individuals per year^[@CR1],[@CR4]^.

Because of the high sensitivity to radiation and the complicated anatomical structure, radiotherapy (RT) is the primary treatment for NPC. Approximately 60--70% of patients present with locoregionally advanced NPC at the time of diagnosis^[@CR5]^. Previous studies showed that when compared with two-dimension RT, intensity-modulated radiation therapy (IMRT) provided benefit for locoregional control, while it did not prolong survival outcomes or reduced distant failure^[@CR6],[@CR7]^. Al-Sarraf *et al*. performed a meta-analysis to demonstrate that a combination of RT and chemotherapy improved 4% to 6% in 5-year survival and reduced mortality by 18%^[@CR8]^. Concurrent chemoradiotherapy (CCRT) with or without adjuvant chemotherapy (AC) is beneficial in overall survival (OS) and has become the standard treatment for locoregionally advanced NPC, even with the acute toxicities^[@CR9]--[@CR11]^. A previous meta-analysis showed that when compared with CCRT alone, the addition of neoadjuvant chemotherapy (NAC) before CCRT reduced distant failure in locoregionally advanced NPC patients^[@CR12],[@CR13]^. A different meta-analysis showed that NAC before to CCRT significantly improved progression-free survival (PFS) and OS^[@CR14]^. However, the efficacy of NAC followed by CCRT in patients with locoregionally advanced NPC remains controversial^[@CR15]--[@CR17]^. Considering these results, the addition of NAC before CCRT has been a promising therapeutic alternative for locoregionally advanced NPC patients in the era of IMRT.

Unfortunately, a few patients do not receive concurrent chemotherapy (CC) due to multiple reasons. The reasons include treatment-associated toxicities, economic conditions, refusal without due cause, and so on. It remains unclear whether adding NAC before IMRT alone is inferior to CCRT with or without NAC. Komatsu *et al*. compared CCRT with NAC plus RT and observed a similar survival between two arms^[@CR18]^. Huang *et al*. performed a randomised study to compare the efficacy of NAC plus CCRT versus NAC plus RT for NPC patients and found that NAC plus RT was not inferior to NAC plus CCRT in OS and PFS^[@CR17]^. Wu *et al*. also indicated that NAC before RT provided long-term outcomes similar to those with CCRT for locoregionally advanced NPC^[@CR19]^. A phase III randomised study by Xu *et al*. showed that NAC added to IMRT plus AC yielded similar OS and PFS with CCRT plus AC, while with less acute toxicities^[@CR20]^. The 2-dimension RT technology was used in the above studies. However, IMRT showed greater improvement in survival than 2-dimension RT^[@CR21],[@CR22]^. Based on these encouraging results, the addition of NAC to IMRT alone may be a promising option with encouraging outcomes and less toxicity. Few studies on the safety and efficacy of NAC plus IMRT alone in locoregionally advanced NPC have been reported. Therefore, we performed a retrospective, matched analysis of locoregionally advanced NPC patients to compare the efficacy and safety of adding NAC to IMRT alone with NAC before CCRT.

Results {#Sec2}
=======

Patient characteristics {#Sec3}
-----------------------

From May 2008 through April 2014, 1,378 previously untreated patients diagnosed with locoregionally advanced NPC received NAC plus IMRT with or without CC. Among these patients, 1078 patients were treated with additional NAC to CCRT, and 300 patients received NAC, followed by IMRT alone. After matching, there were no statistically significant differences in age, sex, T-stage, N-stage, clinical stage, NAC regimen, and NAC cycle between two groups. Table [1](#Tab1){ref-type="table"} listed the baseline characteristics of matched patients.Table 1Baseline characteristic of 576 patients with locoregionally advanced NPC.CharacteristicNAC + CCRTNAC + IMRTP**Sex**Male1901770.260Female98111**Age (years)**Range16--7713--80Median4950\<602332180.129≥605570WHO pathology0.842Type I23Type II1513Type III271272T stage\*0.944T11717T25458T3136129T48184N stage\*0.360N01720N15770N2175154N33944Clinical stage\*0.785III177169IVA7175IVB4044**AC**No1071200.268Yes181168NAC regimens0.343TPF5652TP3649GP913FP187174**Cycle of NAC**\<21571430.243≥2131145WHO: World Health Organization. AC: adjuvant chemotherapy; NAC: neoadjuvant chemotherapy; TPF docetaxel/cisplatin/fluorouracil; TP docetaxel/cisplatin, GP gemcitabine/cisplatin; PF cisplatin/fluorouracil.\*The 7th AJCC/UICC staging system.

Survivals {#Sec4}
---------

With a median follow-up duration of 86 months (range, 8--110 months), the 5-year estimated rates in loco-regional relapse-free survival (LRRFS), distant metastasis-free survival (DMFS), PFS, and OS for the entire cohort of patients were 95.4%, 91.8%, 88.2%, and 91.7%, respectively. Figure [1](#Fig1){ref-type="fig"} provided the Kaplan-Meier curves of the survival in these patients.Figure 1Kaplan-Meier estimates of the survival in 576 patients with locoregionally advanced nasopharyngeal carcinoma.

Statistically significant differences in LRRFS, DMFS, and OS were not found between the two groups (Fig. [2A](#Fig2){ref-type="fig"}: 5-year LRRFS: 96.1% vs. 94.7%, respectively, P = 0.201. Figure [2B](#Fig2){ref-type="fig"}: 5-year DMFS: 93.7% vs. 89.8%, respectively, P = 0.129. Figure [2D](#Fig2){ref-type="fig"}: 5-year OS: 93.0% vs. 90.6%, respectively, P = 0.362.) The 5-year PFS rate was significantly higher for patients treated with additional NAC before CCRT than for those treated NAC before IMRT alone (Fig. [2C](#Fig2){ref-type="fig"}: 91.3% vs. 85.1%, respectively; P = 0.024).Figure 2Kaplan-Meier estimates of the survival in NPC patients receiving NAC plus IMRT with or without CC.

Patterns of treatment failure {#Sec5}
-----------------------------

Of all participants, 70 patients (12.2%) experienced "any" treatment failure during the last follow-up. In the NAC + CCRT group, 28 patients (9.7%) experienced "any" failure (locoregional relapse only occurred in 13 patients, distant metastases was observed in 15 patients, both locoregional and distant failure were found in five patients). In the NAC + IMRT group, 42 patients (14.9%) experienced "any" failure (locoregional recurrence was developed in 14 patients, distant metastases occurred in 25 patients, both locoregional and distant failure were observed in three patients). The details are summarised in Table [2](#Tab2){ref-type="table"}. The median time to failure between the two groups was 92 months (range 9 to 106 months) and 61 months (range 8 to 106 months), respectively.Table 2Site and incidence of treatment failure.SitesNAC + CCRTNAC + IMRT alonePN = 288N = 288Locoregional only13140.336Locoregional and distant53Distant only1525Non-failure260246

Prognostic factors {#Sec6}
------------------

We assessed the potential prognostic factors associated with LRRFS, DMFS, PFS, and OS by univariate and multivariate regression analysis models. Age, sex, T category, N category, clinical stage, NAC regimen, NAC cycle, AC, and treatment regimen were analysed as the possible prognostic factors for the NPC patients enrolled in the current study. On the univariate analysis, we found that T3-4 and IVA/B were significantly associated with poorer OS. And the 5-year DMFS and PFS of patients with clinical stage III were superior to those with IVA/B, but there were no statistically significant differences. While 5-year PFS in patients treated with NAC plus IMRT alone was worse than those receiving the addition of NAC to CCRT. The results of 576 patients with locoregionally advanced NPC by using univariate analysis are summarised in Table [3](#Tab3){ref-type="table"}.Table 3Prognostic factors on survival outcomes of 576 NPC patients using univariate analysis.CharacteristicsnOS (%)PLRRFS (%)PDMFS (%)PPFS (%)PAge0.2310.7480.3180.860\<6045192.395.491.388.0≥6012589.695.393.488.9Sex0.6030.1410.3050.110Male36791.294.891.186.8Female20992.696.993.290.7T category0.0060.5480.6230.327T1--214693.096.393.190.7T3-443091.295.091.387.3N category0.3600.5480.6230.327N0-116492.996.393.190.7N2-341291.295.091.387.3Clinical stage0.0080.3560.0560.080III34794.495.793.289.6IVA/B23087.694.989.786.1NAC regimen0.6830.6920.5790.730TPF10894.191.695.489.5TP8592.397.092.289.3GP2290.995.085.981.3PF36196.495.891.187.9NAC cycle0.7190.6560.2010.693\<230091.496.089.887.1≥227691.994.993.689.3AC0.4170.7030.1940.445No22792.494.593.989.9Yes34991.296.090.487.1Regimen0.3620.2010.1290.024NAC + IMRT28890.694.789.885.1NAC + CCRT2889396.193.791.3Abbreviations: LRRFS locoregional relapse-free survival, DMFS distant metastases-free survival, PFS progression-free survival, OS overall survival, NAC neoadjuvant chemotherapy, AC adjuvant chemotherapy, CCRT concurrent chemoradiotherapy, IMRT intensity-modulated radiotherapy, TP docetaxel/cisplatin, TPF docetaxel/cisplatin/fluorouracil, GP gemcitabine/cisplatin, FP cisplatin/fluorouracil.

For the multivariate analysis, we selected age (\<60 years vs. ≥60 years), sex (male vs. female), clinical stage (III vs. IVA-B), regimen (NAC + CCRT vs. NAC + IMRT alone), AC (Without vs. With), NAC cycle (\<2 vs. ≥2). The treatment regimen was not an independent predictor of LRRFS, DMFS, and OS. NAC + IMRT alone was associated with poorer prognostic outcomes for PFS (HR = 0.541, 95% CI = 0.332--0.884, P = 0.014). IVA/B was an adverse independent prognostic factor of DMFS and OS (P = 0.044 and P = 0.009, respectively) Results in Table [4](#Tab4){ref-type="table"}.Table 4Summary of multivariate analyses of prognostic factors in the 576 NPC patients.EndpointFactorHR95% CIPLRRFSAge: \<60 years vs. ≥60 years0.9750.408--2.3860.954Sex: male vs. female1.8720.799--4.3860.149Clinical stage: III vs. IVA-B0.7570.364--1.5730.455Regimen: NAC + IMRT vs. NAC + CCRT0.6130.293--1.2840.195AC: No vs. Yes1.1140.504--2.4610.790NAC cycle: \<2 vs. ≥21.0130.455--2.2540.975DMFSAge: \<60 years vs. ≥60 years1.5390.704--3.3640.280Sex: male vs. female1.3560.723--2.5430.342Clinical stage: III vs. IVA-B0.5520.309--0.9850.044Regimen: NAC + IMRT vs. NAC + CCRT0.5650.314--1.0170.057AC: No vs. Yes0.8310.424--1.6280.589NAC cycle: \<2 vs. ≥21.6750.888--3.1610.111PFSAge: \<60 years vs. ≥60 years1.1300.627--2.0390.684Sex: male vs. female1.5250.897--2.5930.120Clinical stage: III vs. IVA-B0.6650.412--1.0720.094Regimen: NAC + IMRT vs. NAC + CCRT0.5410.332--0.8840.014AC: No vs. Yes0.8800.514--1.5080.642NAC cycle: \<2 vs. ≥21.2630.748--2.1300.382OSAge: \<60 years vs. ≥60 years0.6850.362--1.2950.244Sex: male vs. female1.0680.585--1.9540.828Clinical stage: III vs. IVA-B0.4610.258--0.8240.009Regimen: NAC + IMRT vs. NAC + CCRT0.7640.431--1.3540.357AC: No vs. Yes0.7550.396--1.4400.396NAC cycle: \<2 vs. ≥21.2180.658--2.2540.394Abbreviations: LRRFS locoregional relapse-free survival, DMFS distant metastasis-free survival, PFS progression-free survival, OS overall survival, NAC neoadjuvant chemotherapy, AC adjuvant chemotherapy, CCRT concurrent chemoradiotherapy, IMRT intensity-modulated radiotherapy.

Subgroup analysis {#Sec7}
-----------------

The subgroup analysis allowed us to identify the patients who would benefit from NAC + CCRT in PFS according to age, sex, T category, and N category. For female patients, or \<60 years, or T1-2 or N0-1, the 5-year PFS (92.9% vs. 88.4%, P = 0.297, Fig. [3A](#Fig3){ref-type="fig"}; 90.1% vs. 85.6%, P = 0.124, Fig. [3B](#Fig3){ref-type="fig"}; 88.6% vs. 87.2%, P = 0.543, Fig. [3C](#Fig3){ref-type="fig"}; 93.2% vs. 88.3%, P = 0.398, Fig. [3D](#Fig3){ref-type="fig"}) were comparable between the two groups.Figure 3Kaplan-Meier estimates of PFS in subgroup NPC patients receiving NAC plus IMRT with or without CC.

Likewise, for male patients, or ≥60 years, or T3-4 or N2-3, adding NAC prior to CCRT significantly improved the 5-year PFS (90.4% vs. 83.1%, P = 0.033, Fig. [4A](#Fig4){ref-type="fig"}; 96.3% vs. 83.5%, P = 0.043, Fig. [4B](#Fig4){ref-type="fig"}; 92.1% vs. 84.4%, P = 0.025, Fig. [4C](#Fig4){ref-type="fig"}; 90.6% vs. 83.8%, P = 0.028, Fig. [4D](#Fig4){ref-type="fig"}), and there were statistically significant differences between two groups.Figure 4Kaplan-Meier estimates of PFS in subgroup NPC patients receiving NAC plus IMRT with or without CC.

Safety and toxicity {#Sec8}
-------------------

The treatment-related acute haematologic and non-haematologic adverse events during NAC and IMRT were retrospectively assessed using terms from the Common Terminology Criteria for Adverse Events (CTCAE v4.0). The profile of the most common side effect was listed in Table [5](#Tab5){ref-type="table"}. The incidences of grade 3 to 4 acute toxicities in the NAC + IMRT group during NAC were similar to those in the NAC + CCRT group. During the IMRT period, grade 3/4 leukopenia and neutropenia in patients treated with NAC + CCRT vs. NAC + IMRT alone were reported in 67 (23.3%) vs. 40 (13.9%), and 59 (20.5%) vs. 39 (13.5%) patients respectively. The rates of grade 3/4 mucositis and nausea/vomiting between the two groups were 26.4% (76/288) vs. 13.9% (40/288) and 15.6% (45/288) vs. 2.4 (7/288), respectively. There were statistically significant differences seen (P \< 0.05).Table 5Profile of toxicities during NAC and IMRT between two groups.Adverse eventsDuring NACDuring IMRTNAC + CCRTNAC + IMRTPNAC + CCRTNAC + IMRTcancer incidence, mortalitycancer incidence, mortalityP0--23--40--23--40--23--40--23--4**Haematologic**Leukopenia204831831050.06622167248400.005Neutropenia1831051811070.93122959249390.035Anaemia281728081.000279928530.145Thrombocytopenia281728261.000281728620.179Liver function287128621.000288028801.000Renal function287128801.000288028801.000**Non-haematologic**Mucositis286228531.0002127624840\<0.0001Dermatitis287128801.000281728350.770Diarrhoea282628440.750288028801.000Nausea/vomiting26721272160.497243452817\<0.0001Abbreviations: NAC neoadjuvant chemotherapy; IMRT intensity-modulated radiotherapy; CCRT concurrent chemoradiotherapy.

Discussion {#Sec9}
==========

Our study was a large-scale observational study of locoregionally advanced NPC patients treated with additional NAC before CCRT or NAC, followed by IMRT alone. We found that NAC + IMRT alone conferred comparable long-term survival outcomes when compared to adding NAC before CCRT for NPC female patients who were \<60 years, or stage T1-2 or stage N0-1, while with less acute toxicities. To our knowledge, this is the first observational study to compare long-term survival and toxicities in locoregionally advanced NPC patients receiving additional NAC to IMRT alone with NAC before CCRT. Accordingly, we can conclude that the omission of CC from the standard treatment did not affect survival outcomes for special subgroups of NPC patients.

CCRT with or without AC is still the first line of treatment recommended by the National Comprehensive Cancer Network because of the improved survival advantages^[@CR23]^. However, a phase III randomised trial performed by Sun *et al*. revealed that adding TPF-based NAC before CCRT achieved the benefit of failure-free survival for locoregionally advanced NPC with manageable toxicities^[@CR24]^. A recent meta-analysis showed that the addition of NAC before CCRT significantly increased PFS and OS and was associated with more frequent complications in locoregionally advanced NPC patients^[@CR25]^. Other previous studies indicated that the addition of NAC before CCRT or IMRT conferred the promising survival outcomes^[@CR26]--[@CR30]^. Thence, NAC + CCRT could be an alternative therapy of CCRT for locoregionally advanced NPC. Approximately 63% of patients were unable to receive CC due to toxicities^[@CR9]^. Thus, the effect of omitting CC on the survival outcomes of locoregionally advanced NPC remains unclear.

Komatsu *et al*. found that NAC followed by RT yielded similar survival outcomes with CCRT in locoregionally advanced NPC patients^[@CR18]^. Huang *et al*. did a randomised study to compare the efficacy of adding NAC before CCRT versus NAC followed by RT alone, and their results revealed that NAC plus RT alone was not inferior to NAC, followed by CCRT in OS and PFS^[@CR17]^. Wu *et al*. also found that additional NAC before RT alone provided long-term survival comparable to that with CCRT for locoregionally advanced NPC^[@CR19]^. A phase III randomised study conducted by Xu *et al*. showed that when compared with CCRT followed by AC, NAC + IMRT and AC obtained similar OS and PFS and less acute toxicities^[@CR20]^. Liu *et al*. investigated the long-term survival of 256 NPC patients who completed CCRT or NAC plus RT, and their results revealed that NAC plus RT obtained similar long-term survival outcomes and less acute grade 3/4 toxicities^[@CR31]^. It is important to note that the 2-dimension RT technology was used for NPC patients in all the studies mentioned above. QuYang *et al*. conducted a retrospective study to investigate the efficacy of 94 NPC patients receiving additional NAC to IMRT alone in 302 NPC patients treated with CCRT, and found comparable long-term survival outcomes^[@CR32]^. A recent retrospective study conducted by Yao *et al*. exhibited that the treatment outcomes in the NAC + RT group were similar to those in the CCRT group, with less acute and later toxicities for 214 patients with ascending-type NPC^[@CR33]^.

In current matched study, we examined survival over a follow-up time of 86 months; 5-year LRRFS, DMFS, PFS, and OS rates for the cohort of locoregionally advanced NPC patients were 95.4%, 91.8%, 88.2%, and 91.7%, respectively. Compared with NAC followed by CCRT, the addition of NAC before IMRT alone yielded similar LRRFS (96.1% vs. 94.7%, P = 0.201), DMFS (93.7% vs. 89.8%, P = 0.129), OS (93.0% vs. 90.6%, P = 0.362) and worse PFS (91.3% vs. 85.1%, P = 0.024) for these patients. In addition, multivariate analyses indicated that NAC plus IMRT alone were associated with an unfavourable prognostic factor of PFS (P = 0.014). In the subgroup analysis, the 5-year PFS (92.9% vs. 88.4%, P = 0.297; 90.1% vs. 85.6%, P = 0.124; 88.6% vs. 87.2%, P = 0.543; 93.2% vs. 88.3%, P = 0.398) were similar in the two groups for NPC female patients who were \<60 years, or T1-2 or N0-1.

The most commonly observed acute adverse events included haematologic and non-haematologic toxicities during the period of NAC and IMRT. Although all patients in this study received prophylactic leukocyte therapy by the use of recombinant granulocyte colony-stimulating factor (GCFS), a few patients still experienced grade 3/4 leukocytopenia and neutropenia during NAC administration and could continue with chemotherapy without delay by receiving GCSF. The incidences of grade 3/4 haematologic and non-haematologic toxicities during the NAC period were comparable in both groups. The acute side effects during the IMRT period revealed a significant decrease of leukocytopenia (23.3% vs. 13.9%, P = 0.005) and neutropenia (20.5% vs. 13.5%, P = 0.035) in the NAC + IMRT group. No statistically significant differences were observed in other haematologic toxicities in both arms. The acute non-haematologic toxicities included mucositis, dermatitis, diarrhoea, and nausea/vomiting during the IMRT period, and were mild to moderate. The incidences of grade 3/4 mucositis and nausea/vomiting were significantly lower in NAC + IMRT alone group than in the NAC + CCRT group (mucositis: 26.4% vs. 13.9%, P \< 0.0001; nausea/vomiting: 15.6% vs. 2.3%, P \< 0.0001). Liu *et al*. found that the NPC patients who received NAC + RT developed less grade 3/4 mucositis (55% vs. 16%, P \< 0.0001), neck dermatitis (31% vs. 16%, P \< 0.004) and vomiting (23% vs. 0%, P \< 0.0001)^[@CR31]^. The previously reported incidences of grade 3/4 mucositis during CCRT with a weekly low-dose^[@CR34]--[@CR36]^ and tri-weekly high-dose^[@CR9],[@CR24],[@CR37],[@CR38]^ cisplatin were 31.4--48.9% and 29--62%, respectively. The rate of grade 3/4 mucositis in the present study was slightly less due to the use of IMRT.

This large-scale observational study was conducted by a single centre in an endemic area. Our major limitation was that the results of a single-arm retrospective study provided relatively low power to indicate non-inferior outcomes of NAC + IMRT. This study only evaluated acute treatment-associated toxicities and no late complications. The acute toxicities were assessed according to medical record information. In addition, the NAC regimen and doses were heterogenetic due to the retrospective design. Hence, our results should be regarded as preliminary. Further prospective, randomised, multicentre clinical trials are paramount to be conducted in the future.

Conclusion {#Sec10}
==========

In conclusion, our study showed that NAC + IMRT alone obtained similar survival outcomes with NAC before CCRT for locoregionally advanced NPC patients, and a lower incidence of grade 3/4 acute toxicities. Therefore, the omission of CC did not affect overall survival outcomes. However, further randomised, controlled, multicentre phase III clinical trials are needed to assess the ultimate efficacy and toxicity of NAC + IMRT alone.

Patients and Methods {#Sec11}
====================

Patient selection {#Sec12}
-----------------

Between May 2008 and April 2014, patients who received treatment in the Department of Radiation Oncology at Zhejiang Cancer Hospital were retrospectively reviewed. The eligible patients met the following criteria: (i) untreated, newly diagnosed locoregionally advanced NPC, (ii) Eastern Cooperative Oncology Group performance status ≤1, (iii) completion of radical IMRT, (iv) received NAC + IMRT with or without CC, and (v) no previous anticancer treatment. This retrospective study was approved by the Medical Ethics Committee and the Institutional Reviewed Board of Zhejiang Cancer Hospital. Each patient had signed an informed consent form.

The present study was an observational, matched study performed in accordance with the Declaration of Helsinki and good clinical practice guideline. The flowchart of patients is shown in Fig. [5](#Fig5){ref-type="fig"}. A total of 3,022 newly diagnosed locoregionally advanced NPC patients were registered at Zhejiang Cancer Hospital. A total of 576 NPC patients, identified by a propensity score-matched method, were enrolled in our study. All patients received NAC combined with definitive IMRT with or without CC.Figure 5Flowchart of patients. NPC: Nasopharyngeal carcinoma; RT: Radiotherapy. IMRT intensity-modulated radiotherapy; CC: concurrent chemotherapy; CCRT: concurrent chemoradiotherapy; NAC: neoadjuvant chemotherapy; nimo: nimotuzumab; cetu: cetuximab.

Basic examinations {#Sec13}
------------------

The patients had pre-treatment evaluations that included complete medical histories, physical examinations, haematology and biochemistry profiles, chest radiographs, abdominal sonography, bone scans, magnetic response images of the nasopharynx, and nasopharyngoscopies. All patients were staged according to the 2010 American Joint Committee on Cancer staging system. Tumour histology was classified per the World Health Organization classification.

IMRT {#Sec14}
----

All patients were immobilised in the supine position with thermoplastic masks. Computed tomography with intravenous contrast (2.5 mm slices from the head to 2 cm below the sternoclavicular joints) were performed for planning. All patients underwent radical IMRT with a simultaneous integrated boost technique that used 6-MV photons with 2--3 weeks after NAC. The delineation of target volumes of NPC during the treatment of IMRT was described previously^[@CR39]--[@CR41]^. The prescribed radiation doses were 69 Gy or 72 Gy to planning gross target volume (PGTV)nx, 66 Gy to 69 Gy to PGTVnd, 63 Gy to 66 Gy to planning target volume (PTV)nx, 60 Gy to 63 Gy to PTV1, and 51 Gy to 54 Gy to PTV2, delivered in 30 or 33 fractions. Radiation was delivered once daily, in five fractions per week, for over 6--6.5 weeks for IMRT planning. The dose to organs at risk was limited based on the Radiation Therapy Oncology Group 0225 protocol.

Chemotherapy {#Sec15}
------------

All patients received 1--4 cycles of 3-weekly platinum-based NAC. The available NAC regimens included TPF (docetaxel 60 mg/m^2^/day on day 1, cisplatin 25 mg/m^2^/day on days 1 to 3, and 5-fluorouracil 500 mg/m^2^/day on days 1 to 3), TP (docetaxel 60 mg/m^2^/day on day 1, cisplatin 25 mg/m^2^/day on days 1 to 3), GP regimen (gemcitabine 1,000 mg/m^2^/day on days 1 and 8, cisplatin 25 mg/m^2^/day on days 1--3), and FP (cisplatin 25 mg/m^2^/day on days 1--3, and 5-fluorouracil 500 mg/m^2^/day on days 1--3).

Moreover, 288 NPC patients in this study underwent ≥1 cycle CC with cisplatin (80 mg/m^2^) divided in 3 days. About 349 patients received 2--3 courses of AC with FP (cisplatin 25 mg/m^2^/day on days 1--3, and 5-fluorouracil 500 mg/m^2^/day on days 1--3) regimen three weeks after RT.

Patient evaluation and follow-up {#Sec16}
--------------------------------

The assessment of tumour response was performed thrice after the completion of IC, at the end of IMRT, and three months after RT, which was based on MRI and nasopharynx fiberscope according to the Response Evaluation Criteria for Solid Tumors. Systemic chemotherapy adverse effects were graded using the National Cancer Institute Common Toxicity Criteria (NCI CTCAE, version 4.0). In contrast, RT-induced toxicities were scored according to the Acute and Late Radiation Morbidity Scoring Criteria of the Radiation Therapy Oncology Group (RTOG).

All the participants underwent weekly examinations for treatment response and toxicities during the IMRT. Patients were followed-up every three months in the first two years, every six months from the third to the fifth year, and then annually. Each follow-up included careful examination of the nasopharynx and neck nodes by an experienced physician, an MRI scan of the nasopharynx, nasopharynx fiberscope, chest computed tomography radiograph, and abdominal ultrasound were performed three months after the completion of RT and every 6--12 months after that. Additional examinations were performed when it was indicated to evaluate local relapse or distant metastasis.

Statistical analysis {#Sec17}
--------------------

The primary outcomes of the present study were locoregional relapse-free survival (LRRFS), distant metastasis-free survival (DMFS), PFS, OS, and acute toxicities from NAC and IMRT. OS, LRRFS, DMFS, and PFS were defined as the time from the enrolment date in the trial to the date of death or the date of the last follow-up, the first local or regional relapse, the first distant metastasis occurrence, or the diagnosed evidence of disease progression or the last follow-up, respectively. After relapse or metastasis, patients received salvage therapy as determined by their physicians.

IBM SPSS Statistics version 22.0 was used for all the data analysis. We compared the patients' characteristics, acute toxicities, and patterns of failure between the two groups by the Chi-square test or Fisher's exact test. Survival curves were generated using the Kaplan-Meier method. The curves were compared using log-rank tests. Multivariate analysis was performed using Cox regression models to identify significant prognostic factors. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated for each prognostic factor. A P \< 0.05 was considered statistically significant.

We adjusted potential biases related to treatment with specific therapeutic regimens using a PSM analysis^[@CR42],[@CR43]^. We computed propensity scores for every patient by logistic regression according to sex, age category (\<60 years/≥60 years), T-stage, N-stage, clinical stage, NAC regimen, and NAC cycle. PSM was performed using all the above covariates with a one-to-one nearest neighbour matching algorithm at a caliper of 0.02.
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